To investigate the high death rates for bronchitis in South Wales miners a survey of respiratory symptoms and ventilatory capacity in 90% of a random sample of 600 men between the ages of 35 and 64 and 200 women between 55 and 64 living in the Rhondda Fach was carried out. The sample of men was stratified by age and occupation, 100 miners and ex-miners, and 100 non-miners being studied in each decade.
of random samples of the community have done and it seems justifiable therefore to accept them as a reasonably close approximation to the truth. The question that immediately follows is: Why should South Wales coal-miners have between two and three times as much bronchitis as coal-miners in other areas ?
In 1954 we attempted a study of bronchitis in a random sample of men in the Rhondda Fach using a standardized questionnaire. The sample investigated at that time was small and subsequent modification of the questionnaire has made it difficult to compare the results in the Rhondda with those established in later surveys in other areas of Great Britain. The obvious desirability of providing comparable results for the Rhondda and the expectation that aetiological factors should be more obvious in an area where the disease prevalence is highest led us to undertake a further study of respiratory disease there in 1958. This paper records our findings.
The Random Sample The population of the Rhondda Fach, originally enumerated by private census by Cochrane and his colleagues (Cochrane, Cox, and Jarman, 1952) , was rechecked in 1958. The sample studied was drawn using random numbers from this population.
It consisted of 600 men between the ages of 35 and 64. In each decade there were 200 men, 100 miners and ex-miners, and 100 men who had never worked in mining. Previous radiological studies (Cochrane et al., 1952; Cochrane, Davies, Chapman, and Rae, 1956) suggested that of the 100 miners and ex-miners there would be about 50 with and 50 without pneumoconiosis and that of those with pneumoconiosis about 10 would have progressive massive fibrosis.
In order to investigate further the high S.M.R. from bronchitis of miners' wives, to which the Registrar-General has alluded in his last two Decen- nial Mortality Supplements (Registrar-General, 1938 and 1958) we included a random sample of 200 women between the ages of 55 and 64. The number of men and women living in the area, the number sampled, the response rate, and number finally analysed are shown in Table 1 . Methods and Procedure.-The methods and procedure were similar to those used previously (Higgins and Cochran, 1958) . Respiratory symptoms were recorded using a questionnaire comparable with that used on all previous surveys except the Rhondda investigation of 1954 already mentioned (Higgins et al., 1956; . The questionnaire was essentially the same as that recently approved by the Medical Research Council's Bronchitis Committee. Occupational histories from the time of leaving school and domiciliary histories from birth were obtained. The 0 75 second forced expiratory volume (F.E.V.0.75) was measured and expressed as the indirect maximum breathing capacity (I.M.B.C.) by multiplying by 40 (McKerrow, McDermott, and Gilson, 1960) . Standing and sitting heights and weights were measured and a postero-anterior chest radiograph was taken.
Members of the sample were visited in their homes and asked to participate in the investigation. Appointments were made and transport to and from the hall where the tests were carried out was offered.
Results Table 2 shows the mean ages and main measurements in each group. The decline in mean height with age noted previously in the Vale of Glamorgan (Higgins, 1957 ) is again seen. The miners and ex-miners over 45 years were on the average significantly shorter and at all ages lighter than the corresponding non-miners. The mean heights of the non-miners are half to one inch above those found in the survey of the population of Great Britain carried out by the Ministry of Food (Kemsley, 1950) Prevalence of Pneumoconiosis.- Table 3 shows the prevalence of pneumoconiosis (International Labour Organization, 1953) FEN.EvV, = 1.08 F.E.V.1..7 + 0 09 (litres) (McKerrow et al., 1960) Prevalence of Respiratory Symptoms. -Tables 7  and 8 compare the prevalence of the main symptoms in miners and ex-miners and non-miners and within the mining group according to radiological category of pneumoconiosis. At all ages the miners had between two and three times as high a prevalence of each symptom as the non-miners; but within the mining group symptom prevalence is not closely related to radiological category and no consistent pattern emerges. Men with P.M.F. had a slightly higher prevalence of breathlessness at all ages and rather more chest illness and "chronic bronchitis " in the 35 to 44 and 45 to 54 age groups, but not in the 55 to 64 age groups. Miners and ex-miners with simple pneumoconiosis tended to have a higher prevalence of cough and sputum than those without in the 35 to 44 and 55 to 64, but not in the 45 to 54, age groups.
The lower prevalence of all symptoms among the women (Table 9 ) compared with the appropriate non-mining males, is in line with expectation. The prevalence recorded was however generally higher than that found in the Vale of Glamorgan (Higgins, 1957) and in Annandale (Higgins and Cochran, 1958) and this difference is such as one might expect between town and country.
The prevalence of symptoms and mean I.M.B.C. in the women according to the occupation of their husbands is also shown in Table 9 . Wives of miners and ex-miners recorded a higher prevalence of symptoms and a lower ventilatory capacity than the wives of non-miners. It is difficult to draw any far-reaching conclusion from this finding, since there were social class differences between the two groups, for which, with so few non-miners' wives, it was not possible to standardize.
Aetiological Factors
Mining and Dust Exposure.-We have tried to assess the importance of mining and coal dust exposure by relating respiratory symptoms and the indirect M.B.C. to the length of time spent working on the coal-getting shift (Tables 10 and 11 ). In the Tables concerned with the indirect M.B.C. the radiological categories of pneumoconiosis are shown separately; but in dealing with the pre- Percentages in brackets.
*Defined as persistent sputum and at least one chest illness sufficiently severe to keep a man off work for one week during past three years. Doll and Bradford Hill (1950) . The current smoking groups were then combined into light (1-14 g. tobacco per day) and heavy (15 g. and over per day). The results for the three age groups when analysed separately indicated a similar conclusion to that found when they were combined. For simplicity and brevity therefore Table 13 shows the analysis for all ages.
There was a higher proportion of non-smokers among the non-miners and more of the miners and ex-miners were light smokers. These findings support previous observations (Cross, McDowell, and Posner, 1958) . Differences in prevalence of respiratory symptoms and I.M.B.C. between miners and non-miners are still obvious after standardizing for tobacco smoking. With the exception of breathlessness, current smokers had a higher prevalence of symptoms than either non-smokers or ex-smokers. This is more obvious in the mining group. The non-smokers recorded a higher mean I.M.B.C. than the smokers and ex-smokers, though in the case of the mining group the difference is not large. These findings in regard to tobacco smoking are in agreement with previous results in other areas but are rather less striking than our observations in Staveley.
Among the women the prevalence of symptoms was higher in smokers than in non-smokers; but (Carpenter et al., 1956; Cochrane, 1958; Higgins, 1960 ) that miners and ex-miners living there have more chronic non-specific respiratory disease than non-miners. Similar findings in Leigh and Staveley (Higgins et al., 1956; together with the national mortality rates (Registrar-General, 1958 ) permit the conclusion that this excess of respiratory disease is general among the mining community.
In our earlier study in the Rhondda we compared the ventilatory capacity of miners and ex-miners without pneumoconiosis with those with Category 3 simple pneumoconiosis. We found little difference in mean I.M.B.C. between the two groups in men in the 25 to 34 age group, but in the 55 to 64 age group miners and ex-miners without pneumoconiosis recorded a lower mean I.M.B.C. than the men with Category 3 simple pneumoconiosis and this lower value was associated with a bimodal frequency distribution. The difference between the two groups however did not quite reach the 5% significance level and we were uncertain of the true meaning of the finding. As there was no significant difference in mean I.M.B.C. between those with and those without simple pneumoconiosis in this survey, it is likely that the earlier finding was due to sampling error rather than to the existence of a cohort, in which the proportion of disabled men was unduly high. ( 90) 106   95  89  85  76  85  90  87  87  85  82  87  77  77 Percentages are in brackets. * Olsen and Gilson (1960) . Percentages are in brackets
Regional Differences.-One of the striking findings in our comparisons of miners and non-miners in different areas has been that there are considerable regional differences in the amount of chronic non-specific respiratory disease among miners. Table 15 shows that with the exception of persistent cough and sputum, which appeared surprisingly uncommon in Leigh, non-miners recorded a similar prevalence of symptoms and similar mean I.M.B.C. in each of the three areas. But whereas in Staveley the miners and ex-miners had only a slightly higher prevalence of symptoms and an insignificantly lower I.M.B.C. than the corresponding group of nonminers in the Rhondda Fach the differences between them were much greater.
Cause of the Occupational Difference.-We cannot attribute the difference in the amount of chronic respiratory disease between non-miners and miners and ex-miners to different degrees of exposure to general atmospheric pollution. For the miner, while working underground, is spared the vagaries of the British climate and so is less exposed to fog and " smog" than others. Nor do differences in tobacco consumption between miners and nonminers explain the finding. In Leigh the smoking habits of mining and non-mining groups were remarkably similar and in the present survey the occupational difference is still apparent after standardizing for tobacco consumption. Genetic differences leading to increased susceptibility, though of possible importance in the aetiology of bronchitis in general, are unlikely to affect only the miners.
Social class differences are however perhaps more important. The gradient in the mortality rates from bronchitis with social class has long been a striking feature of the national statistics. In the Rhondda Fach there are certainly differences in social class between the two occupational groups and these class differences are particularly evident in the older men, the professional classes being exceptionally highly represented among the non-miners. Exclusion of classes I and II from the non-miners does not however abolish the respiratory disease difference between them and the miners. The lower mean I.M.B.C. and higher prevalence of respiratory symptoms in the wives of miners and ex-miners provide some further support for a social factor accounting for some of the difference between miners and non-miners.
Exposure Other factors in mining might be responsible for the difference between miners and non-miners. Miners are for example engaged in heavy work, exposed to fumes underground during shot firing, and liable to changes of temperature during their day's work. We have no evidence to incriminate any of these factors, which are in any case not confined to mining. Possibly further light may be thrown on this subject by the National Coal Board's Field Research scheme and by follow-up studies of various population samples already studied, some of which are already being undertaken. At present it seems reasonable to conclude that while exposure to coal dust is one of the factors causing chronic non-specific respiratory disease it is unlikely to explain all the difference in this respect between miners and the rest of the community.
Cause of the Regional Difference.-While it is hard to explain the difference in chronic respiratory disease between miners and non-miners adequately it is even harder to explain the difference between miners in the Rhondda Fach and in Staveley. Briefly there are three possibilities. The difference could be due to variations either in the quantity or in the quality of the coal-mine dust in the two places; or, it might be due to differences in the amount of occupational selection occurring in them or, to differences in the amount of migration into and out of the areas. We have unfortunately insufficient information on any of these points to do more than speculate. Cochrane (1958) related the prevalence of simple pneumoconiosis in miners in Staveley to the length of time they had worked on the coal-face and concluded that the concentration of dust in Staveley mines was unlikely to have been greatly different from that in the Rhondda mines. Miners in Staveley tended to go on the coal-face some five years later than they did in the Rhondda and, consequently, had a somewhat shorter period of dust exposure. Cochrane however concluded that quantitative differences between the two areas could not explain the differences in ventilatory capacity. The possible importance of the age of entry into mining was considered by Worth et al. (1959) . Their results suggested that differences in residual and functional residual volume between miners and non-mining controls were larger in those entering mining early in life. The early age at which the Rhondda miners started work on the coal-face might therefore be a contributory factor in the regional difference in respiratory disease.
There are certainly qualitative differences in the dust in the two areas, the coal of the Rhondda being of higher rank than that of Staveley. (Cochrane and Higgins, 1961) .
